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THE AMERICAN OAKS.

—————

By Wiitas TRELEASE,

INTRODUCTION.
PREFATORY.

Though the oaks of the United States have been made the subject of numerous publications,
and botanists are fairly well agreed as to the types and characters of existing species except
for differences of opinion on the divisibility of certain forms which are sometimes regarded
collectively as species, those of the region to the south of the United States have not been
passed in review for a generation, and much confusion exists in herbaria which contain collec-
tions of these tropical forms. If, as is unquestionably the case, they ean be understood cor-
rectly only by studying them comparatively in the field and with at least some cultural essays,
it is equally certain that such a study must be based on a knowledge of what is meant by the
names already applied to many of them; it must follow the collective study of types and
original deseriptions in the herbarium and library, and can be materially furthered by an account-
ing for the many other collections on which as yet nothing has been publizhed.

It was in the hope of obtaining such knowledge that in 1912 I undertook an examination
of the material preserved in the larger herbaria of the world. The original plan was to confine
my study to the species of the American Tropics, those of the United States, already much
studied, scarcely sceming to merit the detailed attention paid to those on which less has been
published. For this reason, while every specimen from the south was accounted for to the
best of my ability, neither variations nor geographic details were noted for those of the north.
In revising my notes for publication, however, it has seemed best to include all of the species
that are known to exist in the entire American flora; and this has been done, though in a
summary way but with ample references, for the oaks of the United States.

HISTORICAL.

The stately form, often useful galls, fruit, or bark, and very valuable wood of the oaks
have caused a good deal of attention to be given them at various times. Even before the
epoch-making publications of Linnwus, in the middle of the eighteenth century, a number of
North American species had been collected, figured, or ecommented on.  About the end of that
century several continental writers pictured and described others, while botanists resident in
America added to their number. The pioneer publications of this period are those of Née,
who in 1801 deseribed something over a dozen species collected a few years earlier by himself
or his associates, among whom were Pavon ! and Haenke, in Mexieo and what is now southern
California; and of the Michaux, father and son, who had an unexcelled field knowledge of the
trees of the eastern United States. To the sumptuous publications of the latter, beginning
with & work limited to our oaks, time has brought additions but few rectifications. With
these must be included the superb work of Humboldt and Bonpland in the account of their
own travels in tropical America. '

For nomenelatorial corrections rather than additional facts, the posthumous editions of
Linnsus's Species Plantarum, especially that by Willdenow, and the Nomenclator of Endlicher,
possess undisputed historie value; but it is ensily to be seen that the absence of authentic

I Urban (Symbale Antillana, 399) expresies the el that West Indisn and Mexkan ptants labeled in berbaria as fram Pavoa wers collscted
probably by others than Favon himsell.
1
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specimens for comparison led Willdenow into & number of errors in the identification or under-
standing of eertain species from which he differentiated others that came under his eye.

In 1864 Alphonse de Candolle, in the Prodromus, gave the only monograph of the entire
genus Quercus that has been undertaken since revisions of Linnmus's comprehensive works
were abandoned; and this possesses the rare value attaching to a comparative study of type
materials, nearly all of which passed under his eye. In addition to aceounting for the contents
of minor publications, this monograph brought into correlation with the other species a con-
siderable number eollected by the Belgian hotanist Galeotti and the Danish botanist Liebmann,
which had been described in important if brief papers. Among still later publications are to
be noted the Silva of Professor Sargent, which stands foremost for the United States; and
the beautiful volume of plates illustrating many of the tropical American species prepared hy
Licbmann and edited and brought out after his death by Oersted, himself an expert collector
and an accomplished analyst of detailed characters, in which respect he has been excelled, if
at all, only by our own botanist Engelmann, to whom must be aseribed much of the interest
and close attention concentrated on North American oaks of late VEATs.

THE 5TUDY OF TYPES.

In the present confused naming of tropical American oaks in herbaria no study of them
seemed to me possible which did not begin with the types of the earlier species and progressively
pass in review those of the later species. How true this must be of those seldom-seen trees
shown by the long-persistent misunderstanding of some of the commonest and most distinet
of our own northern oaks—for instance, that which should properly be called Q. nigra; and the
real rubra of Linnsus, to which Professor Sargent has called recent attention.

Though it did not prove pessible for me to carry out my original plan of examining the
types in chronological order, and I found mysélf frequently compelled to account for modern
collections before seeing earlier types, this plan was followed as closely as possible; and while
de Candolle’s advantage of having all of the significant specimens together for comparison and
recomparison has been quite out of the question in this study, photographs in natural size that
were made as it progressed have gone far toward replacing the specimens themselves for this
purpose.

p’l'he most fundamental of the type collections is that of Ne, preserved at Madrid. This
alone T have not seen; but his specimens were examined by de Candolle, so that the brief diag-
noses and rather long annotations of their author Lave been supplemented by the observations
of the acute Swiss botanist. A series of excellent and seemingly accurate pencil sketches made
from these types about 50 years ago under the direction of Professor Lange for use in Lichmann’s
illustrations of the group has shown much about the specimens, and a partial set of cotypes
apparently, labeled as from Pavon, oceurs in the Boissier herbarium at Geneva; but some of the
Née species are still questionable, and these unf ortunately are inadequately represented by types
even at Madrid. The other collections of types I have seen almost in their entirety: those of
Humboldt and Bonpland at. Paris, and at Dahlem—where du plicates were taken first by Willde-
now and afterwards by Kunth; those of Liebmann and Oersted at Copenhagen, or, in case of a
number of Liebmann's species, at Kew; those of Martens and Galeotii at Brussels; those of de
Candolle in the Candollean herbarium, or the other great collections at Geneva: and the more
recent types of von Seemen cither at Dahlem or in other collections examined by him in a revision
broken off by his death several years ago.

CONCEPT OF SPECIES.

Though considerable acquaintance with the oaks of the eastern United States had predis-
posed me to a very conservative treatment of those of the region to the south, especially since
the polymorphism of such aggregates as center about Q. veluting, Q. nigra, and Q. stellata is now
demonstrated in American herbaria, and since numerous hybrids are known or believed to occur
between related forms, my practice through the present investigation has been to accept tenta-
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tively the published species and to describe their originals from my own viewpoint of characters,
reserving their final disposal for a later stage of the study. It now seems fortunate to me that
this was done, for as the work progressed a conviction has grown that in most cases a union of
these nominal species can be effected, if at all, after their much fuller study in the field, pre-
liminary to which the types must be kept distinet.

My conclusion is that very few of the older nominal species from different sengraphic regions
are likely to be united, while the differences presented by the enormous number of later collee-
tions are such as to compel their segregation on the same rather close lines. That deseriptions
of both old and new species are more detailed here than has been customary until very recently,
and that measurements supplement or replace verbal indications of size, should make future
revisions less laborious than the present has proved, and ought to simplify the field study to
which this herbarium study is frankly preliminary. If data are often lacking on habitat, size,
appearance of bark, ecological association, ete., this results for the most part from the fact that
few collectors in the past have given to these points the attention that the present generation
recognizes as desirable, even though it does not record it in most cases.

CHARACTERS.
HABIT.

Though a lover of trees familiar with the oaks of a given region often recognizes each of
them at a distance, massed or singly, by size, outline, or spring or fall coloring, just as the woods-
man distinguishes them by the appearance of the bark or the lumberman by obvious character-
istics of the wood, these differences shade away so gradually when a large number of species
are compared and are of so little availability in the herbarium as to make their utilization
impracticable in a monograph.

In mountainous and arid regions, osks, like other woody plants, commonly decrease in
size and symmetry of form as they pass from more favorable to less favorable conditions of
moisture, temperature, and exposure to the wind; but so far as our species are concerned there
are few definitely known cases of a species presenting gradual transition from trees to fertile
shrubs except under such conditions. Among the northern oaks, Quercus macrocarpa, normally
a large and massive tree and one of unusually extended range, exhibits such a reduction in size
as it reaches its limits in the sand hills, as does Q. stellata in the Northeast. A comparable poly-
morphism is frequent among the oaks of California and the Rocky Mountains, though the
various habit forms, as, for instance, noted by Engelmann in Colorado, are commonly char-
acterized by other, if small, differences. Slight though the other distinetions are between the
polymorphic eastern forms known as (. Muehlenbergii and Q. prinoides, few botanists are willing
now to see only a single species in the last-named shrub and the large tree designated by the
former name. ’

1f well applied, the percurrent growth of such species as ¢ palustris (pl. 1) with its sometimes
pendent branches, and the open rugged growth of Q. alba or Q. macrocarpa {pl. 2) in our own
flora, or the oblong habit of Q. parviglans and the rounded head of Q. callosa or Q. pilicaulis
(pl. 3) in the mountains of Guatemala, should prove of the greatest diagnostic value, but the
time has not come for the general utilization of such characters.

BARE.

There is no question that in color and surface the bark of different species differs in oaks
quite as greatly as in any genus of North American trees. That it is dark and fissured in what
are known collectively as black oaks (e. g., Q. velutina, pl. 4), and rather gray, checked and often
flaking? in what are called white oaks (e.g., Q. pilicaulis, pl. 4), is a fact too long and well known
to require comment. In each of these groups, however, the bark differences between closely
related species are sometimes very clearly marked, so that, for instance, when the American

=:ma fAaking s sald by Davis { Rep, Mich. Acad, S, 6:52) 1o tea caused by Costiclym Dakesii, 8 common portieolows fangs ald te be ahsent
from the thick forrowed bark.
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white oak, Quercus alba, and the English oak, ¢. pedunculaia, are grown side by side, even a casual
observer notes the darker color and more compact surface of the bark of the latter, which sug-
gests somewhat a black oak. Before it was recognized by botanists that the red oak of the
middle Mississippi Valley comprises two or more species, it was observed that some trees, now
known to belong to the species that has been ealled Q. Schneckii or Q. Shumardii, were distinetly
rougher barked than those of what has been taken currently for mazima—or rubra as it is called
usually—a difference especially noticeable on the larger branches. Such differences, and they
are manifold, though they vary greatly in every species, should prove of diagnostic value when
they have become sufficiently known and accurately deseribed to form part of specifie or group
descriptions; and the color of the inner bark characterizes the American quercitron or black oak,
Q. velutina, as its thickness and compressibility do the cork oak of the Mediterranean, ¢, Suber.
The most characteristic bark differences between the oaks of the United States are illustrated
from photographs in Hough's Handbook of the trees of the northern States and Canada.

WoobD.

As a genus, Quercus is distinguished even by amateurs as having hard wood with large
ducts crowded at the beginning of each year's growth, and some very coarse, distant medullary
rays, in addition to very fine and very close rays, which give to it the characteristic and prized
silver grain, now economized by one or other of the modes of “quarter-sawing” in the mill,
Such dimorphic medullary rays, however, are not limited to the oaks; nor are all oak woods
marked by the crowding or exaggerated size of the vernal ducts, ns may be seen in contrasting
one of the deciduous species, like Q. alba (pl. 8) or Q. Phellos (pl. 8), with the southern live oak,
Q. virginiana, or such a Californian species as Q. chrysolepis (pl. 9). Different as they are in
this respect, though all agree in possessing the heavy medullary rays, and whether or not the
ducts are larger in the spring wood, those of the later growth are characteristically distributed
m a more or less branched and radially arranged “flamelike” wood-parenchyma pattern, and
the medullary rays are joined, in cross section, by fine tangential bands of such tissue.

Though efforts have been made to differentiate the woods of the more important economie
oaks by utilization of these characters, which are so marked in their extremes, it is questionable
if they ever will be found sufficient for use except in the hands of experts and as a timber resort
when other and more readily applied characters have been lost. The ducts of white oaks as a
group are plugged by tyloses, which are sparingly, if at all, present in the red oaks. Other differ-
ences are shown in color, hardness, toughness, and permeability to fluid of the wood of different
oaks; and the species differ greatly in the thickness of the new zone of wood lajd on each vear:
but here, too, variation is so great and transitions are so gradual that the differences are usable
taxonomically only in a very general and qualified way. For the usual species of the eastern
United States, they are pictured by Hough, whose published actual sections of American woods
furnish material for the illustrations of a few such types that are given here,

TWIGS.

When without foliage in winter our northern oaks are distinguished readily from other
woody plants by their commonly fluted twigs with five-angled continuous pith, alternate
transversely half-round or irregularly elliptical leaf scars with a number of seattered bundle
traces, minute stipule sears, and, especially, by the clustering of the leaf scars and the rather
uniform sessile sealy buds toward the end of the season’s growth. In stoutness, color, promi-
nence of lenticels, and pubescence, the twigs of the several species differ greatly and those
of a given species agree fairly well among themselves except for the changes that come with
age as the pubescence fades or falls, the epidermis flakes away, ete. Though descriptions of
material may not prove to have seized the twig characteristics of the species in every case
because of immaturity of available specimens, and fresh mature twigs undoubtedly will give
opportunity for color corrections and additions, an effort has been made here to indieate the
twig characters with the greatest possible accuracy in every case. Though it affords no
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taxonomic character, mention should be made of the fact that like poplars, elms, ete., though
to a lesser degree, the oaks illustrate the phenomenon of “self-pruning,” or the fall of weaker
branchlets through abseission at a winter node or juncture.

BUDS.

The fully matured winter buds are generally very characteristic. Oersted insisted on this,
and Engelmann pointed out some of its applications, a generation ago; one of my graduate
students, Miss Cobb, and I have applied it with some precision to the oaks of the Eastern United
States: and I have made use of it in my little manual, Winter Botany. If the bud descriptions
in the following pages should not be found always to conform to the facts in the most characteris-
tic way, my excuse must be that many descriptions have been drawn of necessity from her-
barium specimens of unlike development so that equal maturity had not been reached in all.
In color, mature buds of different species range all the way from light straw or elay color through
buff and soft brown to a rich red; their surface may be absolutely glabrous or the scales may
be ciliate or persistently silky or tomentose; and in shape they give the entire series between
globose, ovoid, conical, and somewhat fusiform, with flattened or grooved sides in some instances.
On vigorous shoots axillary buds are accompanied sometimes by collateral accessories in many

species of both red and white oak.
STIPULES.

A very marked difference is found between the mature buds, especially those clustered at
end of the twigs, of certain oaks like Q. macrocarpa, @. insignis, etc., on the one hand, and Q.
alba on the other, in that the former are flanked by narrow elongated stipules. As a character,
this persistence of the stipules is undoubtedly of greater value than I have been able to give it
in the following descriptions, in some of which, no doubt, where persistent stipules are noted
fully matured material would have shown them to have fallen, as they do in most of our northern
oaks. No American species show such an aggregation of unmodified stipules outside the
broader bud seales as is seen in (). Cerrig of the Mediterranean region. On theoretical grounds,
Schotkey considers persistence of stipules to be characteristic of the more primitive groups.

VERNATION.

As Engelmann has pointed out, the disposal of the young leaves in the buds of oaks differs
greatly when different species are compared. The differences are often seen easily when the
buds are unfolding. They comprise a series ranging from merely concave, through a modifica-
tion in which the margins are slightly outcurved, into strongly revolute on the one hand and
conduplicate on the other. Of the species that have been studied, the white oaks agree pretty
constantly in having folded or conduplicate leaves in the bud, the folding less complete in
Q. stellata than in others; but in the exceptional Californian @.- dumosa they are somewhat
revolute, and in the still more aberrant group of live oaks of which ). virginiana is the type
they are very revolute. More or less conduplicate as to the innermost leaves of a mnumber,
they are concave or flattened in most of our eastern black, scarlet, and water oaks and in the
broad-leaved Californian black oak, but revolute in the eastern willow oaks and in the western
olive and holly oaks. Engelmann has indicated that in a few cases the tips of the lobes of
these black oaks are inflexed in vernation.

LEAF.

The simple leaves, usually of moderate size though exceptionally very large in ¢. macrophylla
or very small in Q. striafula, Q. Toumeyi, etc., and ranging from nearly linear to nearly orbicular
in form, are characteristically stalked, and it is only by way of emphasizing a contrast that
those in which the petiole is shortest may be spoken of as subsessile.

PerioLE.—The petiole, whether long or short, is round or transversely elliptical in section,
often with a suggestion of winging above, from the slightly decurrent margins of the blade.
The numerous vascular bundles that enter its base from the trilacunar node blend as they pass
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upward, so that at the middle the petiole contains a single somewhat three-sided curved bundle
consisting of phloem on the outside and xylem within, ericireling the central mass of medullary
parenchyma and sheathed on the outside by a selerified white perieyele between which and
the epidermis lies the rather thick cortical parenchyma. In our common deciduous oaks this
wascular ring is reinforced by an inner transverse plate with xylem facing
ventrally and phloem dorsally, lying in the medullary parenchyma, a
circumstance apparently not connected with the obvious taxonomic differ-
ences of the species, since the structure iz comparable in both white and black
oaks; but it has been pointed out by Bossehoeuf that this innerstrand of xylem
and phloem is characteristically absent from o number of evergreen oaks.

Marciy.—One accustomed to the oaks of northern countries, on either
Fio. 1—Deciduons cak  cONtinent, naturally thinks of them ss having deeply lobed leaves, the

petiole (Q. palwrris  phes rounded and with rounded sinuses in Buropesn and many Amer-

i ican species, but in North America occurring quite as often with
sharp bristle-tipped segments and sometimes acute sinuses. Some of those of northern Asia
are serrate as are =ome of the temperate American species, and a small number of the latter are
entire. A glance through the accompanying plates will show that very few of the tropical
American species are deeply lobed, and that many of them are entire. Most oak leaves are
toothed in one way or another, and when entire they may be mueronate if not artistate from the
midrib or the tips of the primary veins.

Veining.—As Oersted has indicated, the veining of the leaves presents several distinet
types, especially in meshing and looping; but the differences are not easily expressed in a few
words, and they undergo such marked changes between lobed and entire leaves—often of closely
related species or of forms of a single polymorphie species—that I have not found it possible
to rely on them to any considerable extent. It is to be noted that this is one of the most utilized
characters in the description of fossil leaves, and von Ettingshausen has made it the subject
of extended comparative studies, illustrated by his unequaled type of nature prints.

More practically available than their direction and branching is the elevation or depression
of the veins on the surface. A number of groups of the dry Tropics are well marked in having
their veins sunken below the upper leaf surface, either wholly—when they are spoken of as
reticulately impressed or rugose—or as to the branches of the midrib when the term pinnately
impressed has been applied to them. On the lower surface, and in many species on the upper
face as well, the veins are generally prominent. Relatively few species have such thick and firm
leaves that the veins are neither impressed nor raised above the surface. To a cerfain extent
the number of principal veins and the angle that they form with the midrib are characteristic,
but neither feature has seemed to me to possess sufficient constaney to make its use very depend-
able in contrasting closely related species.

Punescexce.—Though many of the oaks are hairy as they develop from the bud, a very
large number of them become nearly or quite glabrous as their several parts mature. This is
particularly true of the upper leaf surface, so that the persistence of scattered short stiff hairs
on the upper face of the leaves assumes importance for the recognition of such species as
Q. stellata (pl. 10), as the velvety coating of the upper surface does for such groups as the
Chihuahuenses. The lower surface retains its pubescence much more commonly. The Virentes,
Seytophyllae, and Crassifoliae, for instance, not only exemplify this fact, but illustrate extreme
types of such hairiness; and the Arizonicae and Furfuraceae present other and different illus-
trations. Where the pubescence normally falls, as the leaves mature, its disappearance is not
always or uniformly complete. Vestiges are to be expected in sheltered places, such as the
groove along the midrib above or the sides of the midrib and main veins beneath; and in many
species (e g., Q. palustris, pl. 10) characteristic tufts of brown hairs—the acaro-domatia of
Lundstrom—persist in the axils of the veins on the lower surface of the leaf. Such hairs, like
all of the oak trichomes except for a few septate glandular hairs, are finally thick walled, not
septate, and stellately tufted or sometimes somewhat peltately connate: as Engelmann has
pointed out, these are the “golden scales™ of the Californian @. chrysolepis.




S

-

Agamuy v Scuwsces CHARACTERS. 7

A number of species of Leucobalanus, notably @. bicolor, Q. lyrata, and ¢. Dhrandii, oceur
both in a more xerophytic form, which is white-tomentulose bheneath, and a more mesophytic
form, usually in the woods, which is green and merely velvety on the lower surface.

StrucTURE.—Nothing that seems really applicable for the differentiation of species has
been observed in the anatomy of the foliage, though it is possible that further comparative
study may reveal characteristic differences, and some students have thought thése to exist.
The ordinary oak leaf is surrounded by a single epidermal layer, and its mesophyll consists
of one or two layers of palisade cells and a moderate spongy parenchyma through which the
vascular strands run. The more xerophytic types possess a heavier epidermis and more highly
developed palisade tissue, but the structure varies so greatly between exposed and shaded
leaves even on individual trees as to indicate little more than the pliability of leaves in their
reaction to environment. In this respect oaks have been shown by Hanson to resemble numer-
ous other kinds of trees. _

SuRFACE.—Some few species have theupper surface raised between the fine impressed
veinlets, but it can not yet be said whether this oceurs constantly and characteristically in
the species that show it. Though not always the ease, it is generally found that leaves with
dense tardily deciduous tomentum on the lower surface are similarly but more prominently
bullulate-granular beneath; examples are offered by the groups Mexicanae, Tristes, and
Reticulatae.

CoLor.—Experience with common oaks shows that their mature foliage, usually paler
beneath, grades above in different species from very dark green to a distinetly bluish shade;
and what is known of our Southwestern species warrants the conclusion that, accurately applied
in the field, this offers a very important diagnostic character. Occasionally the salient veins
are neatly contrasted with the lamina in color—white in Q. mazrimae, red in Q. haematophlebia,
ete.—and it is probable that much more can be made of such differences than one feels safe
in stating from herbarium indications. Some few species, like the Crassifoline when denuded,
the Guatimalenses, Parviglandes, ete., are distinetly whitened beneath without being actually
glaucous; others, like Q. marima, possess a very faint and easily removable bloom on the lower
surface; others are more distinetly and lastingly glaucous; and in the Oblongifoliae, ete:, the
petioles are rather heavily waxen-pruinose.

It is & matter of common observation that familiar species of oak may be distinguished
at a distance, either singly or massed, by the color of their expanding foliage. The developing
Jeaves of Quercus palustris are green and those of Q. marima quickly assume this color, though,
as in Q. macrocarpa and Q. velutina, they are of almost a gilvery gray for a time; and on Q.
alba, Q. coccinea, Q. ellipsoidalis, etc., they are of some shade of red, as is also the case with
the foliage of suckers of @. velutina, ete. In autumn the fading leaves also assume such
characteristic colors as to have led Q. coccinea to be called searlet oak and to have indueed Bart-
ram to apply the name Q. Alammauda to what is known now as Q. laevis. Unfortunately for its
taxonomic applicability, this seasonal reaction is too greatly dependent on individual peculiari-
ties and regional or even strietly local environment to be constant. An illustration of this
point is afforded by the unsuccessful efforts of so excellent an observer and botanist as Mr. Hill
to use autumnal coloration as a distinguishing mark between Q. ellipsoidalis in its typical form
and its rounder fruited form which he mistook for @. coccined.

PERSISTENCE.—It is & matter of common observation that although they are killed by
autumn frosts, the leaves of most northern oaks stay on the trees into or through the winter,
as do those of the related beeches, In the Southern States the winter oaks are distinguished
from others by remaining green after their congeners have faded, and the English oak is con-
epieuous in this respect when planted among our own white oaks. Several of the laurel oaks
hold their foliage fresh until the new leaves appear. In econtrast with these, which have only
one season’s foliage fully functioning at any given time, the live oaks afford examples of true
evergreens, with two seasons’ leaves active at once.

Tt may not be possible to explain the persistence of the leaves of Fagaceae—even though
dead—as & trait derived from tropical ancestry, as Werner Magnus has suggested. Such
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ancestry except at a very distant period is questionable; and Fagaceae are among the trees
which possess very well-protected winter buds—the terminal bud developed early in the season
and persisting.  The applicability of leaf duration in taxonomy is equally questionable because
of the overlapping of the fully deciduous and partly evergreen types, quite justifying Schottky’s
contention for a sharp differentiation between these and the truly evergreen or perennial leaves.
Though an effort has been made to indicate the facts shown by herbarium material in this
respeet, I am satisfied, from my experience with . brachystachys, Q. eallosa, and other Guate-
malan species, that a large number of those that are here called evergreen have their foliage
persistent merely till the end of the dormant period; and the ready response of the oaks to
alternations of heat and drought with cool rainy periods during the spring—leading to three,
or in one instance, as Mr. Lauterbach has shown me, five cessations and rencwals of growth
in a single season of this character—ean but cast doubt on herbarium indications as to the
biennial ‘peristence of both leaves and fruit on what looks like two years' growth. Hetero-
phylly frequently attends such growth renewals.

INFLORESCENCE.

It is characteristic of the Fagaceas that their simple flowers are monoecious and, at least
the staminate, in eatkins or very condensed compound spikes. As with the Juglandaceae,
the pistillate flowers appear on the new growth of the spring, but the staminate flowers are
partly developed from buds of the preceding season without accompanying leaves. The
staminate catkins are commonly elongated. At comparable stages of development they seem
to afford characters by which some species can be distinguished, but the general practicability
of this is scarcely evident as yet. The pistillate inflorescence is nsually smaller and always
fewer flowered than the staminate. Not seldom it is reduced to one or two nearly sessila flowers;
but every degree of elongation of the pedunele—frequently continuing as the fruit matures—
is to be found up to such cases as that afforded by . Barbeyana, and such lengthened peduneles
often bear one or more additional clusters of flowers, or are somewhat uniformly floriferous
for a considerable distance as in . decipiens and . Urbani. Though the development of the
pistillate peduncle is variable within small limits in most species and shows a considerable
range in some cases, e. g., Q. alba, the degree of stalking is often characteristic, and extreme
lengthening of the fruiting pedunele usually affords a good specific or group character, A
belief that the characteristic cup of the pistillate oak flower is constituted by the fused secondary
branches of a dichasium receives indirect support in the occasional production of acornlike
galls in the axils of its scales, as well as in place of normal buds.

FLOWERS.

The flowers themselves are very simple, always with scarious perianth and, except for
monstrosities, unisexual, but I can scarcely eonsider them as primitively simple or imperfect
or even axifloral. Judging from frequency of appearance of their parts when staminate, they
might be considered as either trimerous or pentamerous with almost equal probability of cor-
rectness; but, as is usual in simplified anemophilous flowers of this sort, the parts vary in number
to a distracting extent. That the flowers are imperfect through reduction is evident from
the appearance now and then of & very rudimentary pistil in essentially normal staminate
flowers; and in certain Asiatic forms, sometimes taken as representative of Quercus and some-
times segregated from that genus, these pistil vestiges are more evolved so that the flowers
sometimes appear to be perfect. Association of the sexes sometimes comes also from the
development of stamens from minute rudiments that are present in normally pistillate flowers.
Reconstruction of a floral disgram from the comparative data afforded by both staminate
and pistillate flowers would indicate the flowers as typically trimerous, with double perianth
and androecium whorls, regularly alternating with the three carpels—a supprezsed inner whorl
of 3 alternating with these and opposite the inner segments of the perianth being assumed by
Berridge,
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PeRiANTH.—Though the number is not constant, the segments are often six. They are
variously and somewhat unequally united in staminate flowers but, where free, distinet in
pistillate flowers. A comparison of staminate flowers of white oaks with those of black oaks
growing fthout Cornell University, made by Professor Rowlee and Miss Nichols a number of
years ago, shows strikingly that the former collectively have far more deeply separated perianth
segments than the latter, and this is in general though not complete agreement with what
is shown in icones of the genus; still, at present, the availability of this character for the differen-
tiation of species appears questionable, The perianth of the pistillate flowers is scarcely more
usable in taxonomy than that of the staminate flowers. It is adherent up to the base of the
separated styles and apparently typically of six leaves, which are in two alternating sets—
a fact that has to be assumed in the staminate flowers.

Stasmexs.—The number of stamens in the oak flower is even more variable than that of
the perianth segments. Though it appears to be six typically, it often deviates from this
number, oscillating closely about this standard in the black oaks but reaching nine in the white
oaks. Though a decided difference is observable sometimes between the flowers of different
species in the relative length of anther and filament and of filament and sepal, so that the
anthers are more exserted in some cases than others, the length of the filaments increases enough
during anthesis to make it difficult now for one to feel confidence in its taxonomic applicability.

The size and form of the anthers seem capable of utilization in distinguizshing between
at least groups of species when consistently and accurately applied. As a rule the slightly
versatile or almost innate extrorse anthers are searcely notched and with
distinetly apiculate connective in the black oaks, and distinctly notched and TN
with smaller connective tip in the white oaks, though they are scarcely to /77 '
be understood as characteristically so oblong-elliptic in outline in the latter | 'E?—
and acutely ovoid in the former as might be inferred from an examination f |'>
of the exquisite illustrations in Professor Sargent’s Silva. In this Q. L S
Iyrata forms the only exception to such a generalization among the white ¥ .2—Extrorssundroe-
onks, though Q. agrifolia, rubra, georgiana, imbricaria, veluting, laurifolin, Sy & "™
nana, nigra, palustris, and marime would be said to be rather of
the white-oak form, as also, excopt for a greater apiculation, . laevigata, imbricaria, and
Phellos. The anthers further differ in size to a measurable extent when different species are
compared, ¢. g., 0.5-0.75 mm. in . cinerea; 0.75-1 mm. in Q. maxima; 1.2-1.5 mm. in Q. callosa;
1.2-#8 mm. in Q. brachystachys. Still, none of these differences appears to be applicable to
the delimitation of species in the present state of our knowledge.

Engelmann called attention to the fact that while the anthers of oaks are glabrous in most
cases, they are characteristically hairy in Q. stellata and Q. virginiana. Professor Sargent has
shown that this is true further of Q. Chapmani and what is taken for a hybrid of . albe and
Q. stellata; and it is characteristicof . Boyntonii. The pubescence of the anthers of @. virginiana,
which proves common to all of the Virentes, had been pictured earlier by Oersted. This char-
acter, likewize shown in the aberrant European Q. Cerris, has been given attention inmy own
study, and further instances of anther pubescence among the white oaks are noted in the
descriptions that follow of Q. barbanthera, Q. centralis, Q. deserticola, Q. glaucoides, Q). lara,
Q. macrophylla, Q. magnoliaefolia, and Q. Martensiana. In three closely related black oaks only,
Q. salicifolia, Q. acapulcensis and Q. tahuasalana, have hairy antlrers been observed.

PrsTiL.—At the time of flowering the pistil is barely more than the three styles and their
stigmas. The perianth consists normally of six distinct perianth segments surrounding the
bases of the styles like an erect collar. Below the insertion of the perianth a short stylopodium
has developed; this consists essentially of the coherent bases of the three styles, and as yet
the ovary is indicated by at most a small separation of the carpel bases. It is this stylopodium,
crowned by the perianth, which persists as a solid beak at top of the mature acorn. In the
annual-fruited white oaks the perianth collar is quickly carried above the forming cup, but in
the biennial-fruited red oaks this elongation does not oceur until fertilization has been effected
in the second season; and in these oaks the collar is grooved below annularly and the cup scales
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interlock with it, thus giving added protection during the first season to the dormant pollen
tubes which apparently use the stylopodium as a hibernaculum. The later lengthening of the
ovary and the intrusion into its cavity of three two-ovuled placentae which are at first parietal,
render it essentially three celled with an axile placenta at one stage, though its further enlarge-
ment as the usually solitary seed develops more or less completely obliterates this structure and
leaves it distinetly one celled at maturity.

Oersted had laid great stress on the importance of the stigma in the classification of oaks,
though it affords a character common to groups of species rather than peculiar to species them-

¥1a. 5—Ovary and Cuo-
Fio. 3.—White Oak Gyosecim Fig. 4.—Red Oak Gynaeciom (Q. pule (Q. macrcarpa
(G megerocarpa 5). imbricaria 25} .

selves. Since the stigmas persist on the fruit, they often afford a dependable indication of the
group to which a specimen with partly developed acorns belongs, when other characters may
be less convineing.

As it is limited now, the genus Quercus differs on this continent from other Fagaceae in a
spatulate dilatation cf the stigmas, this enlargement being broad, abrupt, and spreading in the
white and intermediate oaks, and gradusl on the longer outeurving styles of black oaks.

FRUIT.

Notwithstanding the great diversity of oak fruits, the most striking fact about them is that,
constantly for each species, they mature in the course of the first season in all of the white -onkﬂ,
go far as known for America, while in by far the larger number of cases they require two years
for development in the black oaks. As has been shown by Hofmeister as early as 1858, and
later by Conrad, the biennial-fruited species await fertilization for an entire year after being
pollinated, so that the actual period of fruit maturation is the same in all cases. It is so simple
a matter to observe whether a tree in autumn bears undeveloped pistillate flowers on the
present season’s growth and mature fruit on that of the preceding year, or ripe fruit only and
this on the growth of the year, that this character is usually ascertained with certainty; and
yet many herbarium specimens of tropical oaks are questionable in this respect for several
reasons, and it is quite possible that some of the closely related black oaks that have been dif-
ferentiated principally on apparently annual or biennial fruit ripening are not really separable
even in this respect.

Cur.—A special feature of the oak fruit, which experience shows to afford one of the most
constant and dependable characters for these plants, is the cup that surrounds the base of the
acorn. In the American species it is always covered by distinguishable, if sometimes modified,
scales—sometimes, as in Q. Iyrata, etc., fused at base. The foliar nature of these has been argued
from their oceasional teratological replacement by leaves.

Formed with the pistillate flower, the cup grows with greater rapidity for a time, so that
the partly developed acorn is inclosed in it except for its tip. This condition persists to maturity
in Q. lyrata; but it is not to be considered characteristic for & number of species in which, because



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































